Abstract-The presence of adrenergic regulation of estradiol uptake in rat uterus was studied by using a and 3-adrenergic blockers in normal or Ca2+-free Tyrode's solution at 30°C in vitro. Cyclic GMP content was also investigated under these conditions. By the stimulation with noradrenaline (4X10-7 M), Ca2+-dependent 3H-estradiol uptake was increased in both cytosol and nuclear fractions. These increases were blocked in the presence of phentolamine (4X10-' M) but not by propranolol (4X10-7 M). Increase in uterine cyclic GMP contents were shown under the condition in which 3H-estradiol uptake was stimulated. These results suggest that adrenergic a-stimulation increased uterine estradiol uptake and that consequently, increased estradiol-receptor complexes elevated uterine cyclic GMP levels. The changes in uterine cyclic GMP may serve as an It has been known that the estradiol uptake in the target organs depends on its non-specific diffusion (1, 2). In the uterus, estradiol is bound to the estrogen-receptor in the cytosol and then transfered into the nucleus (1-3). Pedroza et al. (4, 5) reported that noradrenaline but not adrenaline in creased the 3H-estradiol uptake in rat uterus in vitro and in vivo, and they suggested an involvement of an adrenergic mechanism in the estradiol uptake.
It has been known that the estradiol uptake in the target organs depends on its non-specific diffusion (1, 2) . In the uterus, estradiol is bound to the estrogen-receptor in the cytosol and then transfered into the nucleus (1-3). Pedroza et al. (4, 5) reported that noradrenaline but not adrenaline in creased the 3H-estradiol uptake in rat uterus in vitro and in vivo, and they suggested an involvement of an adrenergic mechanism in the estradiol uptake.
Acute administration of estradiol-173 sig nificantly elevates uterine cyclic GMP in rats (6) , and this phenomenon might be regulated through an a-adrenergic mechanism (7). Flandroy and Galand (8) hypothesized that the estrogen-receptor complex is involved in the enzymatic process of the metabolism of uterine cyclic GMP. Therefore, it is likely that the change in uterine cyclic GMP contents is closely related to the change in the estradiol uptake which might be regulated through an a-adrenergic mechanism. We have studied a possible adrenergic regulation of 3H-estradiol uptake in the cytosol and nuclear fraction. The relation between estradiol uptake and cyclic GMP content and the Ca2+-dependence of estradiol uptake were also studied. : Wistar female rats (200-250 g), ovariectomized at diestrus or metestrus 3 weeks before experiments, were used. All animals were housed under the following conditions: temperature (23±2'C), humidity (55±5%), and lighting (14 hr-light and 10 hr-dark).
Materials and Methods

1) Animals
2) Determination of estradiol uptake: Uterine slices weighing 40-103 mg (ca. 0.5 mm in thickness) were incubated for 15, 30, 60 and 90 min at 30°C in 5 ml buffer (normal or Ca2+-free Tyrode's solution, pH 7.4) with 5X10-12 M 3H-estradiol and 0, 4X10-8, 1 X10-7 and 4X10-7 M L-nor adrenaline under aeration with a 95% 02 5% C02 mixture gas. Phentolamine (4X10-7 M) and propranolol (4X10-7 M) were added 5 min before incubation. After washing with cold normal or Ca 2'-free Tyrode's solution, the slices were homogenized in buffer solution (pH 7.4) containing 50 mM Tris-HCI and 4 mM MgSO4 in an ice water bath. The nuclear fraction was obtained by cen trifugation of the homogenate at 800 g for 10 min (4, 5) , washed three times with the above mentioned Tris-HCI buffer for homo genation, and digested with hyamine hydroxide. The 800 g supernatant was centrifuged at 105,000 g for 1 hr to obtain the cytosol fraction (4, 5) . Total radioactivity was determined in the nuclear and cytosol fraction.
3) Cyclic GMP assay: Uterine slices weighing 57-92 mg (ca. 0.5 mm in thickness) were incubated for 15, 30, 60 and 90 min in 5 ml buffer (normal or Ca2+-free Tyrode's solution, pH 7.4) with estradiol-179 dissolved in ethanol (0, 5 X 10-1 2 M) and L-nor adrenaline (0, 4X10-7 M) under aeration with a 95% 02 5% C02 mixture gas. Phentolamine (4X 10-7 M) was added 5 min before incubation. The uterus was homo genized in 6% trichloroacetic acid (TCA) solution. The homogenate was centrifuged at 3,000 rpm for 15 min at 4°C. The pellet was resuspended in TCA solution and centrifuged as described above. This washing process was repeated. The supernatants were combined, extracted with three 5 ml aliquots of water-saturated ethylether and stored frozen until assay. Cyclic GMP was deter mined by the use of an 1251-RIA kit from the Yamasa Co. 4) Drugs: The drugs used in this study were 2, 4, 6, 7 3H-estradiol (New England Nuclear, 115.0 Ci/mmol), estradiol-179
(Sigma), L-noradrenaline bitartrate (Sigma), phentolamine hydrochloride (Nippon Ciba Geigy), propranolol hydrochloride (Nakarai Chemicals) and hyamine hydroxide (Packard). 5) Statistical analysis: The results were expressed as the mean±standard deviation for each group. Significance of the difference was examined by the Student's t-test.
Results 1) Uptake of 3H-estradiol: The 3H estradiol uptake of the control was pro gressively increased in both the cytosol and nuclear fraction, though it was not significant. The 3H-estradiol uptake was dose dependently increased at 15, 60 and 90 min by the addition of 4 X 10-8 M and 1 X10-7 M noradrenaline into the normal Tyrode's solution in both the cytosol and nuclear fraction, but the increases were not significant (data not shown). The increase in 3H estradiol uptake was significant at 15, 60 and 90 min, but not at 30 min by the addition of 4X10-7 M noradrenaline in both the cytosol ( Fig. 1 ) and nuclear fraction (Fig. 2) . These increases were abolished in the presence of phentolamine, but not by pro pranolol. In Ca 2'-free Tyrode's solution, such an increase in 3H-estradiol uptake was not observed.
2) Cyclic GMP content: Noradrenaline (4X10-7 M) increased significantly in the cyclic GMP contents at 15, 60 and 90 min, but not at 30 min in normal Tyrode's solution containing estradiol-179. These increases were abolished in the presence of phen tolamine. In Ca 21-free Tyrode's solution containing estradiol-179, however, nor adrenaline did not increase, but decrease in the cyclic GMP contents from the control level was observed at 15 and 90 min (Fig. 3) .
Discussion
The progressive increase in the 3H estradiol of the control uterus was considered to be due to an increase in non-specific diffusion. The 3H-estradiol uptake was enhanced by noradrenaline in both the cytosol and nuclear fractions of rat uterus. This enhancement was abolished by the presence of phentolamine, but not by pro pranolol. Therefore, this increase in 3H estradiol uptake was considered to be regulated by an adrenergic a-receptor mecha nism. In the experiment by Pedroza et al. (5), the uptake of 3H-estradiol was not increased by noradrenaline at 90 min. This discrepancy might be attributed to the difference in the incubation temperature and aerating con ditions. It is said that estradiol is able to be transferred into the nucleus only when it is bound to the estradiol receptor in the cytosol (1-3) . The data of our present study there fore, may suggest that a-adrenergic stimu lation increases the number of estradiol receptors in the cytosol by some unknown mechanism. Our data may provide further speculation that the physiological effects of estradiol in the uterus is potentiated by a stimulation in vivo. The significant decrease in the 3H-estradiol uptake by phentolamine in the cytosol fraction at 60 min suggests that phentolamine inhibited the a-effect of endogenous noradrenaline. At 30 min, how ever, exogenous noradrenaline did not in crease the 3H-estradiol uptake in either the cytosol or nuclear fraction, although the reason for this is unclear.
The uptake of 3H-estradiol in the control preparation was not Cat+-dependent, but the noradrenaline-stimulated uptake of 3H estradiol was Cat'-dependent.
One of the authors (7) demonstrated that the increases in uterine cyclic GMP content following acute administration of estradiol 17(3 was closely related to the increase in the number of the a-receptors. Increased a-receptors will result in increased a UPTAKE AND CYCLIC GMP 529 stimulation which, in turn, potentiates the uptake of estradiol as mentioned above. Thus repeated "interpotentiation" between es tradiol and a-stimulation will amplify the effect of estradiol. This might be the mecha nism by which estradiol exerts its uterine effect at extremely low concentration.
The increase in uterine cyclic GMP by a-stimu lation was observed only in the normal Tyrode's solution containing estradiol-17Q. Schultz et al. (9, 10) reported that a adrenergic stimulation of the ductus deferens caused a Cat+-mediated increase in cyclic GMP in rats. The increase in cyclic GMP in the smooth muscle is considered to be due to an increase in the intracellular Ca2+ concentration (11) . The increase in uterine cyclic GMP by a-stimulation was considered to be the increased uptake of Cat+-dependent estradiol. The significantly lowered uterine cyclic GMP that was observed in Ca 21 -free Tyrode's solution containing noradrenaline and estradiol-17(8 at 15 and 90 min suggests that Ca2+ has an important role in uterine cyclic GMP synthesis as well as in estradiol uptake.
In conclusion, a-adrenergic stimulation increased the Ca 2+-dependent estradiol uptake. Increased estradiol-receptor complexs may act on the enzymatic metabolism of cyclic GMP, probably on the process in volving phosphodiesterase (6) , leading to a Ca2+-dependent increase in uterine cyclic GMP. The changes in uterine cyclic GMP may be a secondary effect, but may serve as an index of the estrogen action.
